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-NTEGRATiON OF MANF'PRINT AND RPM:
RA iMA EiAG OF MAN AND MA ..CHINE IN EYSTE'! =ERrDk-NDE

EODELL i 'G

A.nne C. Topic
U.S. Army Soldier Support Center-Natiorai 7a-ima. Rag:o

introduction

Lc be wisely prescrDed in an ar- -wtiz-.

exact knowledge of the funoamental instrume-t. man. a-_-
his state of mind, his morale, at tn_ instrt K
combat.''

-- Colons Ardant du a -cqL Fencn Army, !86E

Ths ultimate goal of the Army's material acouisition prces-= is
t -o dep o cpab e, affordable and fully supportable systems t-t,

are remponsive to validated Army requirements. Realizing this

goal- has bSM_ an increasingly complex and Cal!ianling --Suiness
in recartyearsdueto .n combined efect of accelerating

te ..... -= growth and fixed or diminishing manpower and 4-ai
rs-ources. .Within the U.S. Army, various programE have emerged

to mee to alla, of modernazaz:on4  Among these programs
are Reliability, Availabilitv and Maintainability CRAM) and

._,-w_. - - rs Psonnel intecration (MNPRINT). Bon o tnee
progr-ms ae d -Eined to ensure the supportability of fielded
systems; vet thsl-i !aye remained chief!, inoeoendent i termis of

what rrey dot -w t-hey o t., and who participates in the
Z---o =. Th'nis paper aodresses the compatibility oi the RNa

ANIT p yrograms _an suggests some spec:fi way: cAf :intecr-ino
. air objectiv 'es and o tecnnioues witnin the Trme.ork c-. s-tem
er-aormance modelling. The methods des-ri bec are nt
comprehei , nr are ne fndns Concluive. owe
seiecte and metnooloies oo represent tne oe"elopen-
of isnr--nt initiatives to im,prove RAM planning anc analysis

tnro:!gh te in~ja Or of ANPRI NT.

7he paper .-- i_ ( te=±on 1) with ac,-roLC i-CUSeSC. On :i M
-- o = proceeos in Section 2 to an over'_ ,

proeposed al iaions of numan factors to ex.st.ng sytem
. .... avaai:ty mooeas. Seczior 2 also :escr:es,

in, s -- deal.i a recent NPRINT approacn to RAM analvsis

csv-- a i..- y Lzwry and Beaver or the U.S. Army esearcn•-
inscitu~te. in Sectzion 7, a -nvootreticai s,/stem is=_ _, 'cd

ant is "acc to demonstrate now owry and Beave- s m, ,-. :?b me o

applied to a mathematical model "or oDerat:onal availacilty
..... th paper concoluas m.ith summary finlinos in Section K

4 Do-C
L,",05';-10'

I-i



- - -- =_ t_._ :Section B= kj n

-- process of transforming a material corceot nto operan-

: well -,h_ system cnaracterlsmics and req- .rsment-s a-e A -- ,
--"e very oeoinning f an Army actusi- -i o ogram. nmerou_

dcsions have to be maeo!1-m system be
developed, procured or imSrovea. u tsh as, n:w n wezreteth ch _ri -- --

ms t system pe-form, no .... -t cost, b
available to operate ard ....-- t i-, _=e among the 2.sugs tnaz
must be resolved in definin. system -.qurments.

The Army WM procram az, ,_-,.-i.iutes io.,, to the decision-
m'aking process bv oefinirg we ve=iatili,., availabilit
maintainability (RAM) r- iz- o+ e ng materiel s stews
Consist ng of a mix er accounting and management
tasks, RAM is desig-d t =oe-ur that the materie " systems
provlded to the Army ar eoperationally reacy for use wnen needeao
.will successfully perform , ;r assigned_ functions, and arE

capable of being eroaaomincally ape-te and taintained with the
sil ad0i be available. is snort RAPI

- seeks to deliver :-eiiable a end supp~rtable equipment to the=

operational force-.

-emethods udto eA obj-t es are well documented inTi, ~ -- mehd o... -11 RAM
RADOC/AMC Pameoh eti7 Rtinale Report Hanodoo!r
inital emphasis ce-d r eqirai RAM rements o
predicting RAP!A, -c "., Tymical measures of RA-

fectveness include ii availability, maintenance
ratio, mean time between tp-r atl mission failure. mean time

epair and i reliability; and a well cefinac set of
mathematical tasks exists t establsh and allocate the values at
these and other RAM parameter.

We product of these acunti --k is a set of omerataonal RAM
measures specifically tai-ore o a maeriel system. These
measures describe ouantitatively thE combined efects of item
design, Qualitv ienataliatin, _--vironiment, ooration-
maintenance and epair: and they _recict wnst overeil system
reliability, availability and .... =naility will z w a

significant operatiol e (e hardware, softw.are, =rs's,
maintenance Dersrn, et=.) *r* =i, -e. . X at -_nse
traozxona..,A measures fail =0 show, however, is te ammunt
that each operat.ial elemnt --ci-idual. -trltutes to -at.l
system oerformance. -m- erfo-an-e and humer error, in

partculr, re -ucal Oma-ars o tn systemT Derforanc
aouation because snev rin t- so suLtantiaa v to ,oa-
systoe effectivenEess :a Rn samvi- z* ST NGR oerformance, ?or
example, human failre as estntc t Leg.race enecteo c jmtem
effectiveness by 30 Tard ) -
RAM methodologv, nowener, tern tz -bscare the erzent ara rcuse

of such human performance problems b) tom-inirg mne s-,e"P -=
the operator and maintainer with W: Lther oerataoral factors in
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MANPRINT CONTINUOUS AND COMPREHENSIVE
EVALUATION

aANPRINT ISSUE
J AND MODEL

II - VI

IANPRINT DATA !IANPRINT ISSUES,

COLLECTION RESOLUTION

iV

I IV

, v

IDENTIFICATION ___________

OF MANPRINT|

s DEFICIENCIES a

Figure 2-1



AVAIL ABILITY EQ-UATIOWS'

MANPPINT fiLABILITY EQUATION
(LOWRY & SE&'ER)

OT 4 STo
Am -

OT - STo * ST* 4 TCM * TPM * TALDT

Where: OT a Operating tire
STo - Operable standby time
ST;. - Inoperable standby time
TCM a Total corrective maintenance time
TPM - Total preventive maintenance time
IALDT - Total administrative and logistics

downtime

TRADITIONAL
nPERATIONAL AA!LABILITY EQUATIONV

(AR 702-3)

OT * ST
Ao

OT * ST * TCM * TPM * TALDT

Where: OT - Operating time
ST - Standby time
TCM s Total corrective maintenance downtime
TPM * Total preventive maintenance downtime
TALDT - Total administrative and logistics

downtime

Figure 2-2. Equations for Measuring Availability



p t'rsan nwi M~i1 t o r estore mqu ipmen t to n~n Uperar; c on;ditiozc:n , buW..
_t- unawmrm that t hcey have faile d. In other word , d~urinC
inoperable s t ndby time, a syst em is, pr enlumed h: bm up ii in

fact, Jt is dowr. Because of the major ,role that soldier
performance plays in maintenance time and ac.ur'acy, Lowry AMC

Seaver maintain that their version of the availability model
measures system availability more prec..se.y. (Clearly, there are

other RAM components, such au administrative and 1 ogi su:ti cs
downti, me, that might also benelit from the applicati on of soldier
per'formance data, and that Lowry and Seaver do not treat.)

The data required for the MANPRINT availability and eectiveness
models are outlined at Figure 2-3. (Rference 5" p. 2.) Since
RAM and MANPRINT data requirements overlap, ILowry and Seaver
p-opose that common data requirements be identi fied, and data

coJ. lection eForts be integrated in order to conserve the Army's

test and evaluation resources. Their aim is to establish a
c:tnt i nuOLIS f low a+ i 0or~mation that supports M AN1:-:N'T system
a:al ysi s ful1y, but does not add appreci ab y to test and

eva uation workloads. Paraphrasing the standard MANPRINT sloqan
qz.ot ed earl i er., Lowry and Seaver summari ze their data
requirements as representi ng the i nformati on and techni ques
necessary to answer the question:

"How well does the manned system a:hi eve its intended
mission requirements given its current level oF
maturity?" (Reference 6, p. 37.)

In Section 3, iollowing, a hypothetical system is used to show
how Lowry and Seaver's technique modi 'i es tradi ti onal RAM
me'hodology.

Section 3. MANPRINT Availability of a Sample System

Ti-s RAM Rati ,n a i e Report Handbook , TRADOC/AMC aPam 70-1 1,
.rtroduc:es a hypotheti cal system , denoted XYZ, to illustrate
standard RAM methodology. (Reference 15.) in this section, the
same system (XYZ) is reintroduced to show how Lowry and Seaver's
approach modifies traditional methodology, specifically the
derivations of availability.

Chapter 2 of the RAM Handbook describes system XYZ as an air

defense/ground defense system with a rapid fire cannon and a

target acquisition radar. According to the operational mode

summary/mission proile (OMS/MP) invented for the system, XYZ has

seven major missions in peacetime and five major tasks. The

pea.:etime OMS/MP tables from the handbook (Fi. gure 3.-) idonti y

these miseions and tasks specifically (reference 15, p. 2-6).
Total opsrating time and alert time +or the system ,column +) is

409 hours in peacetime, and total calendar time is 496 hours.

LJs;i. nc. 'these data, the handbook aws how w. derive a value of X,,

Best Available Copy



MANPRINT DATA

* MANPRINT Effectiveness (Em)
- Operator performance probability on critical soldier tasks

(specified through prior analysis)
- System performance probability on critical system

functions (specified through prior analysis)
- Human factors data on system operations (e.g., critical

incidents, observations, surveys, interviews, etc.)

* MANPRINT Availability (Am)
- Mean corrective maintenance time

-- Mean preparation time
-- Mean fault location time
-- Mean Item obtainment time
-- Mean fault correction tine
-- Mean adjustment/calibration time
-- Mean checkout time
-- Mean cleanup time

- Probability of correct maintenance
- Mean preventive maintenance time
- System/equipment reliability data
- Human factors data on maintenance activities (e.g.,

critical Incidents, observations, surveys, etc.)

* Personnel Characteristics of Test Participants
- Aptitude (e.g., ASVAB scores)
- Training (e.g., SQT scores)
- Physical characteristics (e.g., PULHES)

Figure 2-3. MANPRINT Measurement Requirements



Thble 2-3. Preactime OHS for the XZ Systr"

(. ) ( ) (C) d) (e X (dl
=  

( 1 (I.) x (di.I (f) , (01) " ( )

fHI-fber of Totr I Tof n I , !

Mi."son "1
<  

M1l - AT j H 1SICr; or' a" 4 AT" CI

1. ARIi io 9.(15 ifr 11 litr' l I li 
l -  

3 2? fir 13 fir 31 fir

2. ilvision 2j.0 6 7 1 35 114

Level Rc d l-

,less Excrcise

3. Pla ti lorl 1.0 I f 6 6 21 '

Level Readi-
ness Exeicise

tJ4 . fatnon/fsat- .11 1 .39 16 39 19
tery Level
fl ed i ness
Exe rc i se

5. rid Training 1.11 If I 37 52 148 Iha
Exercise Spt

6. AATEP 9.175 11 i f 5i 66 (6
S'Ipport

7. Local train- t5 32 72 2 30 64 11III
IiC Are$

totaf Scenario XX XX XX 100 199 1 *09 ln9.g

faille Z-4. fP for the XYZ System ARTEP Hssion

AR"fr NHMBER OPt RATING IOTA'-I MSSION of IIHE FOR OPfIA1ING

TASKS OCC'URRENCES (ACtA TASK T__IME

Search & Suretvi I I a rier 8 206 min 6.00 firs

ACqWi,#tion 9 10 min 2.25 rs

I TracK i 5 uIn .33 hr

fire (Air) 2 2 fin .07 tic

fire (Graltnd) it I amin . 4o hr

Total XX XX 9.05 hrs

Figure 3-1. Operational Mode Summary/Mission Profile



that will satisfy mi ismion requi r tfrt . T h e t tA J Is

reprusented by thu equationi

A,, OT . AT * 409 B (2
CT 496

Where OT = Operating time
AT = Alert time
CT = Calendar time

The resulting A. requirement of 0.82 expr es the minimum

availability necessary to en abl e system XYZ to accomplish all

missions identified in -the OMS/MP. What this assessment does not
measure, however, is the avai lability that can actual 1 y be
expected to result when the system is used in a typical
maintenance and supply environlmt:,,nt. That availability is
traditionally represented by the formula (see also Figure 2-2):

A.,= Or sr _____

OT + ST - TOM + TR + TALDT'

Where OT = Operating time
ST = Standby ti."me
TCM = Total corrective maintenance downtime
TF'M =otal preventive maintenance downtime

TALDT = Total administrative and logistics downtime

The f'law in this formula, howeve-, is that it does not account

for variations in soldier performance of corrective and

preventive maintenance tasks. In other words, the standard

formula assumes that all standby time is uptime, and that

maintenance personnel never err when they report that the system

is operable.

Clear'ly, however, soldiers do err in their performance of
maintenance tasks, and -this error does contribute to downtime for

the system. In order to measure the impact on system

availability, the contribution of human error must be quantified

and included in the assessments of downtime. Lowry and Seaver's
formula for accomplishing this jis a modified operational

availability equation that they label "MANPRINT Availability"
(A,) (see Plso Figure 2-2):

A . OT + S T'.,

O3 -r + s. s + r. + TcM + r'rM , TDT

Where OT = Operating time
ST, = Operable standby time
S'T = Inoperable standby time
TCM = Total corrective maintenance downtime

TpM = Total preventive maintenance downtime

TALDT = Total administrative and logistics downtime

Best Available Copy



WhilI this formu]. a reemblr, n the tr ad itioLC...l a a J. ty

equation (previous pa%,eu) , it dif+rs viqn.-c tlf 4cfa tre other
in its trvatmant of maintnarce downti mw. The O ovt onviou%
difference in Lowry and Seaver 's formula n.r t h at t ir troducet
two expressions for standby time instead of just one. Those tv~o
expressions are operable standby t: me (E.T,, and ifnoperable
standby time (ST,), and they ai-e uMed to distinguish between
cases of successful maintenance and unsLccsf+ul maintenance,
respectively. Second, the formula includes in its vall,.es for
corrective and preventive maintenance the contributions of umA n
factors, safety, training and health hazards to system dovntime.
And, third, the formula invokes a systematic procedure for
acquiring and relating oIdier performance data to each critical.
item of equipment, each failure type/mode, and each maintenance
task. Using system XYZ as an e;xample, their approach follows
these steps:

The first step is determining how much time i.. spent on

maintenance tasks, and how successful l1y the equipment operates
following maintenance. Figures ( -:.... t hrough :3-7 display these
hypothetical data for system XYZ, using Lowry and Seaver's
proposed worksheet formats (reference 5, Appendix B, H, 1, C., J,

and K. )- Separate worksheets are designed to be used 'to record
the performance of individual maintenance personnel for each
maintenance occurrence (Figures 3-2 and :3-5). These results, in

turn, are summarized for the individual soldier (Figures 3-.-r and
3-6) and for the system as a whole (Figures 3-4 and 3-7) on each

critical item of equipment. For system XYZ, critical items
include the essential components of the tracked chassis, the 20mm

cannon, the sight, the mount, and the radar set. (For the sake
of simplicity, only the radar set is examined *in this
i 1. 1 ustrati on.

Ne.' xt, the summary data from these worksheets are accumulated for
all critical items of equipment in system XYZ, and the resulting

totals are transferred to the system TCM and TF'M worksheets at
Figurs 5-B and 3-9, respectively. (Reference 5, Appendix L and

M.) Completion times in minutes are obtained directly from the

summary worksheets for each critical item of equipment (Figures
3-4 and Z-7) and the failure rate:, 'F .j, are derived from RAM

data. 'The sum of the products of these completion times and

failure rates yields the total maintenance time for corrective
maintenance (Figure 3-8) and preventive maintenance (Figure -9).

The last essential step in deriving MANF,'INT availatility is
calculating operable and inoperable standby time (Figure 73-10).

This cal.culation is accomplished through a series of intermediate
steps outl i ned i n subparagraphs a through g, +oI I ow ing.

Re-:. r P rn c e 5, p p. 2 4 -.2. )

•Not.... The soci ,al securi. ty number" i-1 these examples are

:abricated. The combination of actual names and social. security
numbers should be treated in acordance with the Privacy Act.

Best Available Copy



CORRECTIVE MAINTENANCE PERFORMANCE WORKSHEET

L ADMINISTPATION

1. Test Participant: SOT ,,i, 1/ . is ( .eLel, -use- --

2. Social Security Number: Z2 -, - Z - ,g,3i

3. a. Equipment Item: tR ala 2, c f ^6
b. Failure Mode: ",-- . _. -

LI /
c. Conditions: 1 ,6 ~ ccaA e,5/,f ,~

-1A /A f^

4. Data Source: 7 - r
5. Data Collector/Observer: H K XI _ W

6. Date: i&,- A&2 g,' 7. Time: L3 7-- g.

I. PERFORMANCE

1. PREPARATION TIME:*
2. FAULT LOCATION TIME: /,3 -
3. ITEM OBTAINMENT TIME: -Q, '-
4. FAULT CORRECTION TIME: 6
5. ADJUSTM ENT/CALIBRATION TIME: .",
6. CHECKOUT TIME: (_, e _

7. CLEANUP TIME: &, /2-

Does the equipment operate after maintenance? YES , NO

IIL PERFORMANCE DESCRIPTION

N ,/Lf 6  • -- A

*Use NA when task is not performed.

Fioure 3-2



SUMMARY OF CORRECTIVE MAINTENANCE FOR INDIVIDUAL SOLDIER

1. ADM1.NISTRATtON

1,. Test Participant: 6(7  A4. 1 /4/r a/- ~

2. Social Security Number: 2.- - /k3/

3. a. Equipment Item: iQc&ae e eC,,-'-- Me -i#/'r- (2j

b. Failure Mode: 7 , cvji--' &; ;z

cConditions: (Cl-1 Aj140A4, / Kjo~y-(

!I. PERFORMANCE

A.

Number of Trials Average Time

1. PREPARATION 3 67 ,0l --.fS
2. FAULT LOCAT!ON 33
3. ITEM OBTAINMENT 01 /, . L
4. FAULT CORRECTION 3
5. ADJUSTMENTCALIBRATION i__ _

6. CHECKOUT _

7. CLEANUP __________

B.

1. Number of Maintenance Peformances:

2. Number of Times Equipment Operated After Maintenance: 3

3. % Successes: Al"

Figure 3-3



SUMMARY OF CORRECTIVE MAINTENANCE FOR SYSTEM AVAILABILITY

I, ADMINISTRATION

1. Equipment Item: /~I&Iar- P ? 4 f

2. Failure Mode: 0 &J(,._t- yA

3. Conditions: 01e,? I 6-"14 / ",s 7- d.-j--- ZWA

11. PERFORMANCE

A. A. t-verage tme

1. PREPARATION O! A S
2. FAULT LOCATION
3. ITEM OBTAINMENT 75--

4. FAULT CORRECTION - 15;-
5. ADJUSTMENT/CALIBRATION A,1A

6. CHECKOUT ,,57:

7. CLEANUP 2, Z 7

B. AVERAGE % SUCCESS OF EQUIPMENT
OPERATION AFTER MAINTENANCE

Figur-e 3-4



PREVENTIVE MAINTENANCE PERFORMANCE WORKSHEET

I. ADMINISTRATION

1. Test Participant: 96Cra f 2 " - V '-i"./- , /

2. Social Security Number: 2-C-; 5 # /6;//

3. a. Equipment: ,. - LCzL& - '  , (2 )

b. Type of Maintenance: C(,

c. Conditions: 010 -/Kes/
I.( i I_'3 " / .

LI

4. Data Source: £1 7--JT

5. Data Collector/Observer: 4- __ a ,- 66 /

6. Date: / 6 //A- < 7. Time: 3 23c' ,,'i

It. PERFORMANCE

1. MAINTENANCE COMPLETION TIME: 6' 09" A-

2. Does the equipment operate after maintenance? YES 2 NO

Ill. PERFORMANCE DESCRIPTION

6• - ) U•5'L~ rj- -, - t e/

/ 3-5

Figure 3-5



SUMMARY OF PREVENTIVE MAINTENANCE FOR INDIVIDUAL SOLDIER

I. ADMINISTRATION:

1. Test Participant: 7; ' 'X "r, 4!" J 9/ -

2. Social Secu.iiy Number: 'Z 9 - 9 j / /

3. a. Equipment Item: ,(I'an ( Z-

b. Type of Maintenance: a c -' le'

c. Conditions: ('6v"i/ ,A4 / "i-. ,v 1.vA -

11. PERFORMANCE

1. Numberof Trials: /0

2. Average Maintenance'Completion Time: .) / /

3. Number of Times Equipment Operates After Maintenance: __

4. % Successes: _ _ _ _ _ _ _ _

Figure 3-6



SUMMARY OF PREVENTIVE MAINTENANCE FOR SYSTEM AVAILABILTY

1. ADMINISTHATION

1Equipment Item: Ijai /2 (2-
2. Type of Maintenance: Lfa..'L.° e , /: '

J. 3. Conditionus: Q,-/ q J1 / ~ --• ~~~-(.-e-i CY W ) ""-7"-

I1. PERFORMANCE

1. AVERAGE PREVENTIVE MAINTENANCE COMPLETION TIME:

2. AVERAGE % SUCCESS OF EQUIPMENT

OPERATION AFTER MAINTENANCE:

Figure 3-7
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a. Total standiby tm EST ) is d:a-j.vpd fisc jrjn M
meamurino ST dir c.tly durin g tes inq, or b'y caiC..;a , q . t LE r4. t ,",-
difference between total ti me ard t-, s.um of Ui, rdm, 'F ! ar(
TALDT, For system XYZ, ST i m c :acul as t.,.:w : ot I. a, ws.
calendar time (T'T) is 8760 hours (4 nour s! t iv=,'.015 r! a /'

Operating time (0T) is 40. 12 percent of 71, ac,-.rdin to tnro
ratio of total OT to CT in the peacetime operat:i onal mode . .rmar7
(Figure 3-1); result : '5 15 hours. TCM and TPM are cal oL,!i. aEc
described in the previous steps, and are equal o. 2 4 hours
(Figure 3-8) and 119 hours (F igure 3-9) , respect' ve. .. O
administrative and logistics downtime (TAI..,DT ) J.s es't'i ma 4,. :d '.,s n1. 7, (;

a decision tree analysis, which yields an aver-age A.JJ W 10Z
hours per operati onal mis si on fai f + 0o' support a. ternatvi 1.
reference 15 p 6-2.). Combinri nig the ALDT estimate with the UT
:: T.:515 h ours and the mean time b etween operati. o na. mis-sior.

T:aiau. Lre (MTBOMF) of 390 hours (minimum acceptabl.le vaLue)' from the
RAM Rationale Report Handbook (ref erence 15, p. 6-55::) gives a
TAL.DT estimate of 1226 hours. ST, then, equals: T' .- (WT + TCM

" 7PM + TALD"T), or 8760 - (355 + 2:'.4 + 11 9 + 1226) 53666 ours.

b. The probability of maintenance fai.Lre (F) is ca.-OLculated
next, usirng the soldier per{ormance dat.s collecteo and recorded
on the maintenance summary wor ksheets for system availabi.ity
(Figures 3.4 and 3-7). These wor'ksheets provide the average
percent of successful equipmen.t operation :o].].owing maintenance,
as observed by a data collector. In some cases, empirical data
may not be available (for example, becauS.. of system iT[maturity).
in such cases, expert judgment can be used to -wroduce the needed
perf ormance estimates. The recommended expert judgment
procedure, according to Lowry and Seaver, in a osychologica'l
sca.ing technique for assigning the 1.:.keli, ,cood of human success
on a probability scale or on the tine to complete a task.:.

C:. Rate is. def ined as the frequency of maintenance, and it
is calculated for each failurT mode of each critical item of
equi pmen.. Both corrective and preventive maintenance rates are
established by measuring the number of ti mes the given type of
maintenance is performed in a viven time period. in this
enample, the rates for corrective maintear--nce are or a -total

i me o + one year or 8750 noi..trs, and the ,el nes are take": rom

t L e T.M worksheet (Figure --8, col umnI F: ) Th or ev(nt i v E
maintenance rate is once every week, or 52 times per year.

d. The product of the rateT and the maintenance !ailure
probabilities is calculated by multiplying F. and rate for each
failu.re mode of each critical item of equipment. The results for
system XYZ are disp. ayeo in the last column of Figure *'-10
Standby Time (ST) Worsheet.

e. The overall maintenance +ai.ue probaoility tfor the
system is calculated in three steps. First, the rates for each
critical item and each failure mode (oara c, abovs) are summed to
give a system tot;al result: 155. Second the products of the

rates and main tenance failuure probasilities are summed for all

75-



4ailure modes and all critical it.ms; res.ulItr 9. 919. And, !act,
the overall maintenance failure probab.J. lity i s c a. cul a ted oy
dividing the sum f the rates into the sum of the products;
resul t: 0. 064.

.f Followingn steps a through e, ahove, i noperable standby
time (ST.) is calculated by multiplying total standby time (para
a) by the overall maintenance failure probability (para e). The
outcome for system XYZ is (3666) (0.064) = 235 hours.

q. Operable standby time (ST,) is the difference between
total standby time (para a, above) and inoperable standby time
(para f, above). The calculation for ST. is: ST multiplied by
one minus the overall maintenance failure probability (para e,
above), which, for system XYZ, equals 3666 . (1 - 0.064) 3431
h Otlr -:.

Once the forego:i, ng steps are accompl i shed, the MANPRINT
availability formula can be completed for the system under study,
in this case, system XYZ. Repeated below is Lowry and Seaver's
basic formula for Q, and, below that, the same formula with the
values entered for system XYZ. As shown, MANPRINT availability
for system XYZ equals 0.79.

An = OT -I- ST,,
OT + STw + S'T, + TCM + TFM + "ITLDT

=__"_5515 + 3431

3515 + 3431 + 235 + 234 + 119 + 1226

= 0.79

This cnmpares with an operational availability of 0.82 derived
using the traditional formula shown below.

Am = OT :- ST

OT + ST + TCM + TFM + TALDT

3515 + 3666

3515 + 3666 + 234 + 119 + 1226

= 0.82

The difference between the two a,.0!ability estimates of A. and
A,, though small in this example, demonstrates that human error
does have an impact on maintenance and, correspondingly, on
system performance. For system XY7, the contribution of soldier
performance during maintenance reduces system availability below
the minimum acceptable value f 0.82. Human reliability,
there-ore, can be an important factor in deter-mining whether a
system can meet its mission accomplishment Irequirements and
deliver the requisite equipment readiness.



~c'ti on 4. Summary

As stated in the introduction to this paper , the chii Wul' neS
of the materiel acquiiition process is to ens re that the weapon
Systems provided to the Army are fully capable, affordable,
supportable and responsive to validated Army requiremerts. BoIth
RAM and MANPRINT contri. bute importantly to this goal. RAM
provides a set of engineer-ing, a-counting and management tasks
for ensuring that materiel systems will successfully perform
.their assigned functions; and MANPRINT provides a process for
optimizinq the relationship between the hardware, software and
the human operator and maintainer.

Where RAM and MANPRINT converge is in their" application to weapon
systems analysis. The sources cited and summarized in this paper
represent a growing body of research dedicated to improving the
man-machine interface in weapon systems analysis. Lowry and
Seaver's work, in particular, provides a step-by-step proceoure
for relating soldier performance to system performance. Their
prescription for measuring system effectiveness combines
conventional RAM quantitative techniques with quantitative and
qualitative MANPRINT methods to provide a model for evaluating
the adequacy of a given system to support current Army soldiers
in a.nieving Army missions successfully.

The importance of integrating RAM and MANPRINT objectives and
methodologies is highlighted by two conflicting resourcing
trends. First, the Army's modernization program will continue to
deploy increasing numbers of technologically advanced items.
And, second, resourcing constraints will continue to reduce
future manpower and training resources. The implicit risk from
these trends is that emerging man-machine systems will no'
perform within specified constraints. Jesse Orlansky, writing in
The All-Volunteer Force After a Decade, sums up the problem as
fol lows:

"Serious consequences +ollow if actual hman
performance is significantly less that that requ.ired by
the goals set for, weapons and support system
performance...Another way of saying the same thing is
that our weapons and support systems might not perform
as required on a battle.ield. "  (Reference 2, p. 16q.)

The challenge for the materiel acquisition community is to
discover ways to squeeze more and better performance out of
diminishing assets. RAM is one way of accomplishing this. and
MANPRINT is another, and, together, they offer some powerful.
tools for honing our competitive edge.
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